
Beam	Losses	due	to	Gass	Sca/ering	
in	C-BETA	

Analy;cal	es;mates	using	averaging	
beta	func;ons	



Parameters	to	be	used	for	for	C-BETA	

Avg	current	 0.13	~	1.3	A	 Energy	gain	per	pass	 48.5	MeV	

Bunch	charge	 256	pC	 Number	of	FFAG	passes	 7	

Rep.	frequency	 1.3	GHz	 Cold	temp.	(linac)	 2	K	

Warm	temp.	(arcs+straight)	 300	K	 Linac	pressure	 1.E-12	Torr	

Warm	sec;on	pressure	 1E-9	Torr	 Avg.	beta	func;on	in	arcs	 0.5	m	

Ion	species	 H2	,	CO,	H2O		 Norm.	Emi/ance,	RMS		 2	um	

Accelerator	circumference	 64.34	m	 Linac	length	 10	m	

Avg.	beta	func;on	in	linac	 50	m	



Beam	parameters	along	the	ring	



Beam Loss due to Elastic Scattering 
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Beam Loss Due to Bremsstrahlung  
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Reference: 

1.’Luminosity lifetime at an 
asymmetric e+e- collider’ NIM A302 
(1991) 209-216, by F.C.Porter 
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Beam	losses	at	ini;al	opera;ons	

Par$al	pressure	for	warm	
sec$ons,	1	nTorr		

H2	 50%	

CO	 30%	

H2O	 20%	

Par$al	pressure	for	cold	
sec$ons,	0.001	nTorr		

H2	 100%	

Elas;c	sca/ering	 Bremsstrahlung	

•  For	2.5	cm	aperture,	the	
beam	loss	due	to	elas;c	
sca/ering	is	1.31	pA;	

•  For	1	MeV	energy	aperture,	
the	beam	loss	due	to	
Bremsstrahlung	is	0.15pA	

*The	es;mate	assumes	that	the	collimators	locate	at	the	last	pass	of	the	linac	



Beam	losses	at	stable	opera;ons	

Par$al	pressure	for	warm	
sec$ons,	1	nTorr		

H2	 78%	

CO	 12%	

H2O	 10%	

Par$al	pressure	for	cold	
sec$ons,	0.001	nTorr		

H2	 100%	

Elas;c	sca/ering	 Bremsstrahlung	

*The	es;mate	assumes	that	the	collimators	locate	at	the	last	pass	of	the	linac	

•  For	2.5	cm	aperture,	the	
beam	loss	due	to	elas;c	
sca/ering	is	0.69	pA;	

•  For	1	MeV	energy	aperture,	
the	beam	loss	due	to	
Bremsstrahlung	is	0.075	
pA.	



Summary	
•  Assuming	that	the	limi;ng	transverse	aperture	locates	
at	the	last	linac	pass,	the	analy;cal	es;mate	shows	
that	in	the	ini;al	opera;on	stage,	the	beam	loss	due	to	
elas;c	sca/ering	ranges	from	1	pA	(2.5	cm	aperture)	to	
10	pA	(1	cm	aperture).	

•  Assuming	that	the	limi;ng	energy	aperture	locates	at	
the	last	linac	pass,	the	es;mate	shows	that	in	the	ini;al	
opera;on	stage,	the	beam	loss	due	to	Bremsstrahlung	
ranges	from	0.15	pA	(0.1	MeV	energy	aperture)	to	0.25	
pA	(1	MeV	energy	aperture).	

•  At	the	stable	opera;on	stage,	the	beam	loss	due	to	
both	processes	reduces	by	a	factor	of	2.	

•  More	accurate	es;mates	can	be	achieved	by	numerical	
simula;ons	(BMAD).	
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Cross Section For Elastic Scattering 
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‘Classical Electrodynamics’ by Jackson, ch.13 

‘Quantum Electrodynamics’ by Landay&Lifshitz, p.632 

‘Handbook of acc. Physics and engineering’ by Chao 
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Where	the	factor	of	2	comes	from?	
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Cross Section For Bremsstrahlung  
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Reference: 

1.’Handbook of Accelerator Physics and Engineering’ 
by A.W.Chao p.213 

2.’Beam-Gas and Thermal Photon Scattering in the 
NLC Main Linac as a Source of Beam Halo’ by P. 
Tenenbaum, LCC-NOTE-0051(2001) 

3.’Luminosity lifetime at an asymmetric e+e- collider’ 
NIM A302 (1991) 209-216, by F.C.Porter 
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